Vibration based technique have so far been focused on the identification of structural damage. However, not many studies have been conducted on the corrosion identification on pipes. The objective of this paper is to identify corrosion on pipes from vibration measurements. A hollow pipe, 500 mm in length with 63.5 mm in diameter was subjected to impact loading using an impact hammer to identify the natural frequency of the tube in two conditions -i) without any corrosion and ii) with an induced localized 40 mm by 40 mm corrosion at the middle of the pipe. The shift of natural frequencies of the structures under free boundary conditions was examined for each node of excitation. The results showed that there is a shift in natural frequency of the pipe, between 3 and 4 Hz near to the corrosion area. It can suggested that that the impact vibration is capable of identifying of localized corrosion on a hollow tube.
Introduction
Since the first start of industrialization in the northwest and in the midlands of England at around 18 th century, many of the wooden or ceramic-based products had been replaced by steel, especially obvious in tools, automobiles, appliances and the construction of building as well as in other industrial applications. From the failure statistics, it was shown that piping and vessel failure probability are largely dependent on the damage caused by corrosions [1] . The severity of corrosion is usually measured in term of corrosion rate that are often expressed in the unit of annual metal loss [2] . However, in corrosion monitoring, the assessment of accurate value of corrosion rate of steel seem to be impractical. Therefore, in industries, the severity of corrosion is always correlated with other parameters such as potential difference between electrodes immersed in process fluid, ultrasonic method and X-ray method [3] .
The detection of structural damage based on the structural response signals had received considerable attention recently. Vibration based technique had been so far focused on nondestructive evaluation methods, which is used as more of a screening and locating tool [4] . Even though the quantification of corrosion with vibration signal is still new in the industry and not many studies had been done on this issue, yet this method is found to have many advantages against conventional techniques [4] [5] [6] . Therefore, the objective of this study is to use vibration techique to identify corrosion in a tube pipe.
Methods
In this study, the natual frequency of a 500 mm length of pipe with 63.5 mm of diameter was measured from the impact loading in two conditions -i) without corrosion and ii) with an induced 40 mm by 40 mm induced corrosion at the middle of the pipe (Fig.1 ). The experimental set up of the impact testing was shown in Fig. 2 . The type of excitation signal generated during impact test was in pulse form. The test materials were attached to soft springs to simulate the free-free boundaries conditions. Single input single output (SISO) was used in this testing, and hammer was roving through all the nodes with accelerometer being placed at a fixed node as the reference.
Fig. 2. Experimental setup
The accelerometer was placed at a fixed node (see Fig. 3 ), with the hammer roving through all the nodes, to get the responses of each node excitation. Since the energy of the response was determined by the energy transmitted through the guided wave from the point of impact to the respond node, when the excited node is near to the corrosion area, the guided wave is likely to be affected by the material deterioration, thus causing a change in the wave properties such as wave mode and frequency [7] . As a consequence, the response of the structure would change.
In the first condition (i.e. pipe with no corrosion), the modal analysis was performed and the natural frequency was measured. For the pipe with corrosion condition, the corrosion was first induced on the pipe. In the corrosion inducing process, the whole structure was first protected with tape and clap (see Fig. 1 ). Then, the concentrated acid was applied on the exposed surface which was bounded with clay and was left for a few hours before few droplets of water were introduced. This process was repeated for 30 days with the structure exposed to air. After 30 days of the process, the mass of the tube was measured and the tube was then used for the second test condition, i.e. pipe with corrosion.
The difference in natural frequencies of each node excitation before and after the induction of corrosion were used to generate a contour map as a locating tool to identify the corrosion. Table 1 shows the material properties of the pipe. Modulus of elasticity and Poisson's ratio were obtained from the tension testing, while the average density was obtained from the direct weighing of structure. However, it was assumed that the change of Poisson's ratio and density with corrosion is negligible.
Results and Discussion
In this study, it was assumed that the greater the amount of mass loss in a given time interval, the higher the severity of corrosion and it is directly related to the corrosivity of environment (see Figure 3 ). Thus, from Table 2 , since the annual metal loss for the localized corrosion exceeds the critical value of 650 g/m 2 , it was a severe corrosion [2] . 
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At the natural frequency of the pipe, the response of a node on a structure could have relatively significant amount of energy provided the node is located at the right place. However, in some cases, where the node is located on the nodal line of a mode, the response of the node would be a minimum. Since noises would never possess a large amount of energy, it could be stated that only the modes in the frequency range of interest would dominate in term of energy, even though not all the modes in the that frequency range would dominate. Thus, with the use of stability diagram and power spectral density (PSD) response, the natural frequencies of structure can be determined from the modal testing.
It was clear that only two natural frequencies found in the frequency range of interest, at frequency about 1162 Hz and 1323 Hz (see Figs. 4 to 6) . The energy at frequency about 1950 Hz was not taken into account due to the nonlinearity at that frequency as indicated by the low coherency of the system. The natural frequencies of hollow tube have been validated through numerical analysis. It is suggested that natural frequencies of structure would change if there is a change in either physical or material properties of the structure. However, the small change of natural frequencies due to localized corrosion seems to be impossible by direct comparison of graph. As a consequence, the data obtained from experiment would be used in the comparison of natural frequency ( Table 3 ). The changes were ploted into a contour map as the screening and locating tool (see Fig. 7 ).
From Fig. 7 , the contour map of stiff structure (hollow tube) shows a good result to locate the corrosion on the structure (refer Fig. 1 ). It exhibited highest change in natural frequency near to the corrosion site. The corrosion stayed between node a31 and node a32. The highest changes of thr natural frequencies of the structure with excitation was near to the corrosion range from 3 to 4 Hz and the changes reduce with the distance from the corrosion. Fig. 7 . The contour map of frequencies difference at resonance for hollow tube
Conclusions
A localized corrosion had been created on hollow tube. The deterioration of material due to the corrosion was examined with the shift in natural frequencies of the structure. The results obtained from modal impact testing indicated the capability of impact vibration in the identification of localized corrosion on hollow tube under free boundaries conditions and high frequency range.
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